A novel approach was designed to simultaneously enhance nutrient removal and reduce membrane fouling for wastewater treatment using an attached growth biofilm (AGB) integrated with an osmosis membrane bioreactor (OsMBR) system for the first time. In this study, a highly charged organic compound (HEDTA 3-) was employed as a novel draw solution in the AGB-OsMBR system to obtain a low reverse salt flux, maintain a healthy environment for the microorganisms. The AGB-OsMBR system achieved a stable water flux of 3.62 L/m 2 h, high nutrient removal of 99% and less fouling during a 60-day operation.
enhance rejection of dissolved species and small particles. FO membrane has a few advantages, these being: (i) low energy consumption because of the use of osmotic pressure instead of hydraulic pressure as the driving force; (ii) high rejection of various contaminants, thus increasing the quality of the product water; and (iii) low fouling propensities resulting from the dense and tight surface structure of the FO membrane (Nguyen et Increased bioreactor salinity can severely impact on microbial viability and membrane performance because some functional bacteria are more sensitive to high salinity conditions (Osaka et al., 2008) . Kinetics studies have suggested that nitrogen and phosphorus removal efficiency dropped to 20% and 62%, respectively, when salt concentration was 5% NaCl in the bioreactor (Dinçer and Kargi 2001, Uygur and Kargi 2004). In addition, the salinity stress enhanced the release of both soluble microbial products (SMP) and extracellular polymeric substances (EPS), leading to severe membrane fouling (Park et al., 2015) . Furthermore, an increase in the total dissolved solid (TDS) concentration in the bioreactor tank can reduce the osmotic pressure gradient across the FO membrane, causing the declined water flux (Qiu and Ting, 2013).
Among suggested draw solutions (Table1), NaCl was widely used as an inorganic draw solution in OsMBR systems because it exhibits high water flux at moderate draw solution concentrations, high solubility, and easy storage. as the organic draw solutions in OsMBR system to achieve low salt accumulation but the water flux was relatively low (Table 1) .
[ This study aimed to systematically investigate the performance of AGB-OsMBR/MD hybrid system for wastewater treatment using highly charge EDTA as a draw solution. First, the effect of the flow rate on the water flux and reverse salt flux was evaluated using deionized (DI) water as the feed solution. Next, the variation of the water flux and amount of salt accumulation with the operating duration was examined using synthetic wastewater as the feed solution. Then, the nutrient removal efficiency was then determined in the AGB-OsMBR system and the recovery of diluted draw solution was conducted using polytetrafluoroethylene (PTFE, pore size of 0.45 μm) membrane in MD process. Finally, the membrane fouling characteristics were analyzed using scanning electron microscopy and energy dispersive XRay spectroscopy (SEM-EDS), and fourier transform infrared (FTIR) spectroscopy.
Materials and methods

Material and membranes
EDTA-2Na (purity of 99.0%, 25 kg/ bag) was purchased from Imperial Chemical Corp, Table 2 . The mean pore size, water permeability, the structural parameter of the FO membrane were determined based on reference (Cath et al., 2006; Kong et al., 2014; , and the mean pore size, porosity of the MD membrane were provided from the manufacturer. The contact angle of FO and MD membranes was measured by using CAM 100
(Opto-Mechatronics P Ltd., India) as shown in Figure S1 .
[ 
Description of the AGB-OsMBR/MD hybrid system
A schematic of a laboratory-scale AGB-OsMBR/MD system is shown in Figure 1 with operational conditions listed in Table S1 . In this system, an AGB using polyethylene balls 
[FIGURE 1]
The bioreactor was operated using synthetic wastewater delivered from a feed tank placed on a digital scale (BW12KH, Shimadzu, Japan). The level of the liquid in the bioreactor tank was maintained by returning the overflowing liquid to the feed tank. Meanwhile, the draw solution (8L) was pumped into FO membrane tube, whereby water from feed solution will permeate through membrane to dilute draw solution. The water flux was calculated using weight changes of the feed tank, which was then recorded temporally using a digital scale. Salt accumulation in the bioreactor was determined by monitoring the conductivity of the mixed liquor by using a conductivity meter (Oakton Instruments, USA). Two peristaltic pumps was continuously pumped from a feed reservoir to the membrane cell, and it subsequently returned to the reservoir ( Figure S3 ). DI water was used as the initial distillate stream. The distillate (25 ± 1°C) was circulated from a 1.5 L reservoir through the distillate membrane semi-cell and back to the reservoir. Excess permeating water overflowed into a container, which was continuously weighed on an analytical balance.
Feed and draw solutions
Synthetic wastewater was used as the feed solution to simulate domestic wastewater.
Synthetic wastewater contains glucose, ammonium chloride, potassium dihydrogen orthophosphate, and trace nutrients as described in Table 3 . NaHCO 3 and H 2 SO 4 were utilized to adjust the pH in the AGB-OsMBR reactor to 7 ± 0.5. In addition, deionized (DI) water was also used as the feed solution to determine the optimal flow rate and reverse salt flux. The draw solution was prepared by dissolving EDTA-2Na in DI water. Moreover, the formation of highly charged EDTA strongly depends on the pH. Therefore, the pH of the EDTA draw solution was maintained at 8 by using 8 M NaOH, whereby most EDTA were presented as highly charged species (NaEDTA 3-and HEDTA 3- ).
Measurement of water flux and reverse salt flux
The experimental water flux J w (L/m 2 h) was calculated by measuring the change in the feed container mass with time:
where ΔV is the total increase in the volume of the permeate water (L) collected over a The salinity and Na + rejection can be obtained from the following equation:
where R is the solute rejection, C P is the solute concentration in the permeate, and C Fi is the initial feed concentration
Analytical methods
The concentrations of Na showed that using AGB-OsMBR system could reduce membrane fouling significantly.
Nutrient removal during the AGB-OsMBR operation
The most benefit of AGB-OsMBR hybrid system is that simultaneous nitrification and denitrification process occur in single reactor, which enhanced the nutrient removal appreciably as shown in Figure 4 .The results indicated that the average removal efficiency of hours due to the decreasing of vapor pressure in salt solution. Meanwhile, the feed conductivity of diluted draw solution was gradually increased versus time and then it was reconcentrated to its initial status (56.1 mS/cm) after 6-hour MD operation with recovery of 9.8%. Furthermore, Figure 6 shows that the content of Na + and conductivity increased gradually with the time but the rejection of Na + and conductivity was very high (>99.7%).
The results revealed that PTFE 0.45 μm effectively rejected almost all EDTA ions (indicated by TOC removal of approximately 100%) in the diluted draw solution during 6-hour MD operation due to large-molecular size of EDTA. The observed overall high rejection can be largely attributed to the MD process where only water vapor is transported through the membrane pores (Duong et al., 2015) . The concentration of Na + and conductivity in the final permeate were as low as 25 ± 0.9 ppm and 110 ± 2.5 μS/cm, respectively, which was suitable for water reuse.
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The research demonstrated the feasibility of applying AGB-OsMBR/MD hybrid system for 
